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(54)  MOBILE  RADIO  COMMUNICATION  SYSTEM 

(57)  A  radio  base  station  calls  a  mobile  station  in  its 
area  through  a  downstream  control  channel  or  a  com- 
munication  channel  to  designate  a  channel  the  electric 
field  level  of  which  is  to  be  measured.  The  mobile  sta- 
tion  measures  the  electric  field  level  of  the  designated 
channel  by  using  the  electric  field  level  measuring  func- 
tion  of  its  own  and  reports  the  measured  results  to  the 

base  station  through  an  upstream  control  channel  or  the 
communication  channel.  Therefore,  a  second  mobile 
radio  communication  system  can  be  constructed  in  the 
same  area  by  utilizing  a  small-zone  mobile  radio  com- 
munication  system  already  existing  in  the  area  as  a  first 
mobile  radio  communication  system. 
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Description 

[Technical  Field] 

This  invention  relates  to  a  mobile  communication 
system  which  forms  a  microcell  in  the  same  area  as  the 
service  area  of  a  cellular  system,  and  which  selects, 
from  the  same  frequency  band  that  is  allocated  to  the 
cellular  system,  channels  that  do  not  give  rise  to  inter- 
ference  problems,  and  then  shares  their  frequencies 
within  the  microcell. 

[Background  Technology] 

A  mobile  communication  system  which  forms  a 
micro-cell  in  the  same  area  as  the  service  area  of  an 
already  constructed  cellular  system,  and  which  shares 
the  same  frequency  band,  has  been  considered.  Prior 
art  examples  of  this  sort  are  illustrated  in  FIG.1  to  FIG.3. 

FIG.1  shows  an  arrangement  of  base  stations,  with 
an  existing  cellular  system  (hereinafter,  termed  "system 
A")  forming  service  area  102  from  a  plurality  of  radio 
zones  centering  on  base  stations  101.  The  radio  band 
allocated  to  this  system  is  divided  into  a  plurality  of 
channel  groups,  and  these  are  re-used  in  radio  zones 
separated  by  a  prescribed  distance.  Also  deployed  in 
service  area  1  02  is  base  station  1  03  of  a  different  sys- 
tem  from  system  A,  or  of  a  system  which,  although  the 
same  as  system  A,  can  operate  independently  (herein- 
after,  termed  "system  B").  Base  station  103  forms  serv- 
ice  area  1  04  and  can  select,  from  the  same  frequency 
band  that  is  allocated  to  system  A,  channels  that  do  not 
give  rise  to  mutual  interference  problems,  and  can  then 
re-use  these  channels. 

FIG.2  serves  to  explain  mutual  interference.  Mutual 
interference  has  to  be  taken  into  account  when  base 
station  103  selects  channels.  There  are  four  kinds  of 
mutual  interference  relating  to  base  station  101  of  sys- 
tem  A,  mobile  station  105  of  system  A,  base  station  103 
of  system  B  and  mobile  station  106  of  system  B. 
Namely: 

(a)  uplink  interference  from  mobile  station  106  of 
system  B,  affecting  base  station  101  of  system  A; 
(b)  downlink  interference  from  base  station  1  03  of 
system  B,  affecting  mobile  station  105  of  system  A; 
(c)  uplink  interference  from  mobile  station  105  of 
system  A,  affecting  base  station  103  of  system  B; 
(d)  downlink  interference  from  base  station  101  of 
system  A,  affecting  mobile  station  106  of  system  B. 

The  four  kinds  of  mutual  interference  noted  above 
have  to  be  taken  into  account  in  order  to  select  channels 
that  do  not  give  rise  to  mutual  interference  problems. 
Hitherto,  however,  the  following  simplified  method  has 
been  used.  Namely,  field  monitors  are  disposed  in  the 
service  area  of  system  B  and  these  measure  the  level  of 
downlink  interference  from  base  stations  101  of  system 
A  on  mobile  station  106  of  system  B,  i.e.,  the  interfer- 

ence  level  in  case  (d)  above.  According  to  this  simplified 
method,  which  is  illustrated  in  FIG.3,  a  plurality  of  field 
monitors  1  07  are  set  up  in  service  area  1  04  of  system  B, 
these  field  monitors  107  being  capable  of  measuring  the 

5  received  level  from  base  stations  101  of  system  A.  On 
the  basis  of  instructions  from  base  station  103  of  sys- 
tem  B,  these  field  monitors  107  measure  the  received 
level  at  all  frequencies  (channels)  used  by  system  A  and 
report  the  results  of  these  measurements  to  base  sta- 

w  tion  1  03.  Having  received  these  reports  from  field  mon- 
itors  107,  base  station  103  takes  into  account 
differences  in  transmitted  power,  differences  in  feeder 
loss,  etc.  between  the  uplink  and  the  downlink,  and  esti- 
mates,  from  the  measured  downlink  levels,  the  interfer- 

15  ence  level  in  case  (a)  above,  i.e.,  the  level  of  uplink 
interference  from  mobile  station  106  of  system  B  on 
base  stations  101  of  system  A.  Then,  on  the  basis  of 
this  result,  base  station  103  selects  channels  that  can 
be  used. 

20  FIG.4  shows  a  detailed  configuration  of  base  sta- 
tion  103  and  field  monitor  107.  Base  station  103  has 
transceiver  1  1  1  for  communicating  with  mobile  stations, 
and  base  station  controller  112.  Field  monitor  107  has 
field  monitoring  receiver  1  1  3  and  received  level  detector 

25  114  for  measuring  the  received  level  from  base  stations 
of  system  A,  plus  controller  1  15  which  decides  from  the 
received  levels  which  channels  can  be  used.  Controller 
115  measures  the  received  level  at  all  frequencies 
(channels)  used  by  system  A,  and  from  these  values 

30  estimates  the  levels  of  uplink  interference  on  base  sta- 
tions  of  system  A.  It  then  compares  these  with  a  prede- 
termined  level  threshold,  and  if  an  estimated 
interference  level  does  not  exceed  a  threshold,  control- 
ler  1  15  decides  that  it  does  not  cause  interference  at  a 

35  corresponding  base  station  of  system  A.  Controller  115 
then  notifies  base  station  controller  1  1  2  that  it  can  use 
that  channel.  Base  station  controller  112  sets  the  chan- 
nel  to  be  used  by  transceiver  1  1  1  to  the  one  notified  by 
controller  115. 

40  However,  a  drawback  of  this  method  is  that  in  order 
to  measure  the  downlink  interference  level  accurately,  it 
is  necessary  to  deploy  a  large  number  of  field  monitors 
so  as  to  ensure  complete  coverage  of  the  area,  with  the 
result  that  setup  costs  are  very  high.  Restricting  the 

45  number  of  field  monitors  by  deploying  them  at  essential 
locations  only,  e.g.,  within  the  base  station,  has  been 
considered,  but  the  drawback  here  is  that,  conversely,  it 
becomes  difficult  to  select  suitable  deployment  posi- 
tions. 

so  The  object  of  the  present  invention  is  to  provide  a 
mobile  communication  system  which  overcomes  this 
problem  and  significantly  increases  the  accuracy  of 
interference  level  measurement,  without  the  need  for 
special  field  monitors  for  measuring  the  level  of  down- 

55  link  interference  from  the  base  stations  of  an  existing 
system. 
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[Disclosure  of  the  Invention] 

According  to  a  first  aspect,  this  invention  provides  a 
mobile  communication  system  in  which:  there  is  a  first 
group  of  base  stations  belonging  to  a  first  mobile  com- 
munication  system;  the  service  area  of  the  first  mobile 
communication  system  consists  of  a  plurality  of  radio 
zones,  each  centered  on  a  base  station  of  this  first 
group;  a  second  group  of  base  stations  belonging  to  a 
second  mobile  communication  system  independent  of 
the  first  mobile  communication  system  is  provided  in  the 
service  area  of  this  first  mobile  communication  system; 
and  each  of  the  base  stations  of  this  second  group 
includes:  a  means  which  selects  control  channels  and 
traffic  channels  from  among  channels  in  which  the  level 
of  mutual  interference  involving  base  stations  of  the  first 
group  and  the  other  base  stations  of  the  second  group 
is  within  a  predetermined  value;  and  a  means  which 
allocates  the  selected  channels  to  mobile  stations  which 
belong  to  the  second  mobile  communication  system 
and  which  are  located  within  that  base  station's  area; 
comprising  a  mobile  communication  system  wherein 
the  selecting  means  includes  a  means  which  specifies 
channels  for  mobile  stations  and  commands  field 
strength  measurements;  and  a  means  which  receives 
from  these  mobile  stations  information  relating  to  the 
results  of  the  field  strength  measurements  of  the  speci- 
fied  channels;  and  a  mobile  station  belonging  to  the 
second  mobile  communication  system  has:  a  means 
which  tunes  the  received  frequency  to  the  channel 
specified  by  the  command  means  and  measures  its 
field  strength,  and  a  means  which  reports  the  measured 
results  to  the  receiving  means. 

In  other  words,  after  a  base  station  has  specified, 
via  a  downlink  control  channel  or  traffic  channel,  a  chan- 
nel  on  which  a  mobile  station  located  in  its  area  should 
measure  the  received  level,  and  the  mobile  station  has 
received  a  measurement  instruction,  the  mobile  station 
uses  the  received  level  measurement  function  com- 
monly  possessed  by  a  mobile  station  to  measure  the 
received  level  of  the  specified  channel  (frequency)  and 
reports  the  result  to  the  base  station  via  an  uplink  con- 
trol  channel  or  traffic  channel.  This  enables  an  existing 
cellular  system  to  be  utilized  as  a  first  mobile  communi- 
cation  system,  and  makes  it  possible  to  construct  a  sec- 
ond  mobile  communication  system  in  the  same  area  as 
the  service  area  of  this  first  system. 

The  radio  band  that  can  be  used  by  the  first  mobile 
communication  system  is  divided  into  a  plurality  of 
channel  groups  which  are  allocated  to  the  first  group  of 
base  stations  in  such  manner  that  they  can  be  reused  in 
mutually  separated  radio  zones,  and  each  of  the  first 
group  of  base  stations  can  include  a  transmitting  means 
which  gives  each  channel  a  base  station  identification 
code  for  identifying  that  base  station.  In  this  case,  a 
mobile  station  belonging  to  the  second  mobile  commu- 
nication  system  can  include:  a  means  which  demodu- 
lates  radio  signals  from  the  first  group  of  base  stations 
and  identifies  their  base  station  identification  codes,  and 

a  means  which  employs  a  reporting  means  to  transmit 
to  the  receiving  means  the  identified  base  station  iden- 
tification  codes,  along  with  the  results  measured  by  the 
means  which  measures  the  field  strength.  The  selecting 

5  means  can  include:  a  means  which,  on  the  basis  of  the 
base  station  identification  codes  received  by  the  receiv- 
ing  means,  groups  these  radio  signal  channels  accord- 
ing  to  the  base  stations  which  use  them,  and  which  for 
each  group  performs  operations  on  the  field  strengths 

10  measured  in  channels  belonging  to  that  group,  and 
thereby  obtains  a  single  representative  value;  and  a 
means  which  decides,  in  channel  group  units,  and  on 
the  basis  of  the  representative  value  obtained  by  this 
means,  which  channels  can  be  selected  and  used.  In 

15  virtue  of  this  configuration,  when  the  uplink  interference 
level  is  estimated  from  the  downlink  interference  level 
when  the  received  level  fluctuations  are  characteristic  of 
a  selective  fading  environment,  the  uplink  margin  that  is 
added  can  be  restricted  to  a  necessary  minimum,  and 

20  as  many  radio  channels  as  possible  can  be  used  by  the 
base  stations  of  the  newly  constructed  system. 

Statistical  values  such  as  the  mean  or  the  50% 
median  can  be  used  as  the  aforementioned  representa- 
tive  value. 

25  The  selecting  means  may  be  constituted  so  as  to 
be  capable  of  deciding,  in  channel  units,  and  from  the 
measured  value  of  the  field  strength  of  each  channel, 
whether  or  not  a  channel  can  be  selected  and  used.  The 
selecting  means  should  preferentially  decide  in  channel 

30  units  when  the  identification  means  has  identified 
another  base  station  identification  code,  or  when  the  dif- 
ference  between  the  field  strength  newly  measured  for  a 
given  channel  and  the  field  strength  of  that  channel  as 
measured  the  previous  time  exceeds  a  predetermined 

35  threshold. 
A  constitution  which  decides,  in  channel  group 

units,  whether  or  not  channels  can  be  selected  and 
used,  can  be  implemented  independently  from  the  first 
aspect  described  above.  Namely,  according  to  a  second 

40  aspect  of  this  invention,  there  is  provided  a  mobile  com- 
munication  system  in  which:  there  is  a  first  group  of 
base  stations  belonging  to  a  first  mobile  communication 
system;  the  service  area  of  the  first  mobile  communica- 
tion  system  consists  of  a  plurality  of  radio  zones,  each 

45  centered  on  a  base  station  of  this  first  group;  the  radio 
band  that  can  be  used  by  the  first  mobile  communica- 
tion  system  is  divided  into  a  plurality  of  channel  groups 
which  are  allocated  to  the  first  group  of  base  stations  in 
such  manner  that  they  can  be  re-used  in  mutually  sepa- 

50  rated  radio  zones;  each  of  this  first  group  of  base  sta- 
tions  includes  a  transmitting  means  which  gives  each 
channel  a  base  station  identification  code  for  identifying 
that  base  station;  a  second  group  of  base  stations 
belonging  to  a  second  mobile  communication  system 

55  independent  of  the  first  mobile  communication  system 
is  provided  in  the  service  area  of  the  first  mobile  com- 
munication  system;  and  each  of  the  base  stations  of  this 
second  group  includes:  a  means  which  selects  control 
channels  and  traffic  channels  from  among  channels  in 

3 
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which  the  level  of  mutual  interference  involving  base 
stations  of  the  first  group  and  the  other  base  stations  of 
the  second  group  is  within  a  predetermined  value,  and  a 
means  which  allocates  the  selected  channels  to  mobile 
stations  which  belong  to  the  second  mobile  communica- 
tion  system  and  which  are  located  within  that  base  sta- 
tion's  area;  comprising  a  mobile  communication  system 
wherein  there  is  a  field  monitoring  means  connected  to 
the  selecting  means,  and  this  field  monitoring  means 
includes:  means  which  demodulates  the  radio  signals 
from  the  first  group  of  base  stations  and  identifies  their 
base  station  identification  codes;  means  which  on  the 
basis  of  the  identified  base  station  identification  codes 
groups  these  radio  signal  channels  according  to  the 
base  stations  which  use  them,  and  which  for  each  group 
performs  operations  on  the  field  strengths  measured  in 
channels  belonging  to  that  group,  and  thereby  obtains  a 
single  representative  value;  and  means  which  decides, 
in  channel  group  units,  and  on  the  basis  of  the  repre- 
sentative  value  obtained  by  this  means,  whether  or  not 
a  channel  can  be  selected  and  used. 

The  field  monitoring  means  can  also  have  a  means 
which  decides  in  channel  units,  and  from  the  measured 
value  of  the  field  strength  of  each  channel,  whether  or 
not  a  channel  can  be  selected  and  used;  and  a  means 
which  causes  the  decision  means  to  operate  preferen- 
tially  in  channel  units  when  the  field  monitor  starts  up  or 
after  it  has  been  reset,  and  which  subsequently  causes 
the  decision  means  to  operate  preferentially  in  units  of  a 
plurality  of  channels.  In  this  case,  the  means  which 
causes  these  preferential  operations  can  comprise  a 
means  which  causes  the  decision  means  to  operate 
preferentially  in  channel  units  either  when  an  existing 
base  station  which  the  identifying  means  has  identified 
has  changed,  or  when  the  difference  between  the  field 
strength  newly  measured  for  a  given  channel  and  the 
field  strength  of  that  channel  measured  the  previous 
time  exceeds  a  predetermined  threshold. 

[Brief  Explanation  of  the  Drawings] 

FIG.1  serves  to  explain  the  prior  art  and  shows  an 
arrangement  of  base  stations. 

FIG.2  serves  to  explain  mutual  interference  in  the 
base  station  arrangement  illustrated  in  FIG.  1  . 

FIG.3  shows  a  prior  art  method  for  measuring 
downlink  interference  levels. 

FIG.4  is  a  block  diagram  showing  an  example  of  the 
configuration  of  a  prior  art  base  station  for  the  case 
where  the  downlink  interference  level  is  measured 
within  the  base  station. 

FIG.5  shows  the  configuration  of  a  mobile  commu- 
nication  system  according  to  a  first  embodiment  of  this 
invention. 

FIG.6  shows  an  example  of  control  channel  and 
traffic  channel  signal  formats  in  an  existing  cellular  sys- 
tem. 

FIG.  7  is  a  block  diagram  showing  an  example  of  the 
configuration  of  a  base  station. 

FIG.8  is  a  block  diagram  showing  an  example  of  the 
configuration  of  a  mobile  station. 

FIG.9  serves  to  explain  the  specific  control  actions 
involved. 

5  FIG.  10  serves  to  explain  measurements  at  a  mobile 
station  in  a  TDMA  system,  and  shows  a  3-channel 
TDMA  signal  format. 

FIG.1  1  serves  to  explain  measurements  in  an 
FDMA  system. 

10  FIG.  12  serves  to  explain  measurements  in  an 
FDMA  system. 

FIG.  13  serves  to  explain  the  frequency  bands  used 
for  the  uplink  and  the  downlink. 

FIG.  14  serves  to  explain  selective  fading. 
15  FIG.  15  serves  to  explain  differences  between  the 

uplink  and  downlink  received  levels  for  the  same  chan- 
nels. 

FIG.1  6  shows  the  configuration  of  a  mobile  commu- 
nication  system  according  to  a  second  embodiment  of 

20  this  invention. 
FIG.1  7  is  a  block  diagram  showing  an  example  of  a 

configuration  wherein  the  base  station  and  the  field 
monitor  are  installed  in  a  common  facility. 

FIG.  18  is  a  block  diagram  showing  an  example  of  a 
25  configuration  wherein  the  base  station  and  the  field 

monitor  are  set  up  separately. 
FIG.  19  shows  the  control  flow  of  the  controller. 
FIG.20  shows  an  example  of  recorded  measure- 

ment  results,  and  of  grouping  into  channels  used  by  the 
30  same  base  station. 

FIG.21  shows  an  example  of  a  table  showing 
whether  or  not  channels  can  be  used. 

FIG.22  is  a  block  diagram  showing  an  example  of 
another  configuration  for  a  base  station  and  a  field  mon- 

35  itor. 
FIG.23  shows  the  control  flow  for  the  a  decision. 
FIG.24  shows  an  example  of  a  table  showing 

whether  or  not  channels  can  be  used. 
FIG.25  is  a  flowchart  showing  an  example  of  the 

40  overall  control  actions  of  the  controller. 
FIG.26  is  a  flowchart  showing  another  example  of 

the  overall  control  actions  of  the  controller. 

[Optimum  Configurations  for  Embodying  the  Invention] 
45 

FIG.5  shows  the  configuration  of  a  mobile  commu- 
nication  system  according  to  a  first  embodiment  of  this 
invention,  while  FIG.6  shows  an  example  of  control 
channel  and  traffic  channel  signal  formats  of  an  existing 

so  cellular  system. 
This  mobile  communication  system  has,  within 

service  area  2  of  an  existing  cellular  system,  base  sta- 
tion  3  which  is  set  up  independently  of  this  cellular  sys- 
tem.  This  base  station  3  is  capable  of  selecting,  from  the 

55  same  frequency  band  that  is  allocated  to  the  cellular 
system,  channels  that  do  not  give  rise  to  mutual  interfer- 
ence  problems,  and  it  can  allocate  the  selected  chan- 
nels  to  mobile  stations  6  located  within  the  radio  zone  of 
base  station  3.  The  selection  of  channels  by  base  sta- 

4 
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tion  3  is  performed  by  specifying  channels  on  which 
mobile  station  6  should  measure  the  field  strength,  and 
then  receiving  information  from  this  mobile  station  6 
relating  to  the  results  of  the  field  strength  measure- 
ments  on  the  specified  channels.  Mobile  stations  6  tune  5 
the  received  frequency  to  a  specified  channel,  measure 
its  field  strength,  and  report  the  result  of  the  measure- 
ment  to  base  station  3. 

Hereinafter,  the  cellular  system  which  provides 
service  area  2  will  be  called  "system  A"  and  the  mobile  10 
communication  system  to  which  base  station  3  belongs 
will  be  called  "system  B".  System  A  may  for  example  be 
the  digital  mobile  phone  system  stipulated  in  Personal 
Digital  Cellular  Telecommunication  System  RCR  Stand- 
ard  27  of  the  Research  &  Development  Centre  for  Radio  is 
Systems,  and  currently  providing  service  in  Japan.  Sys- 
tem  B  may  be  a  partially  modified  version  of  this  digital 
mobile  phone  system. 

A  plurality  of  base  stations  1  belonging  to  system  A 
(in  FIG.5  these  are  labelled  "base  station  of  system  A")  20 
are  provided  in  service  area  2,  which  comprises  a  plu- 
rality  of  radio  zones  centered  on  base  stations  1  .  The 
radio  band  allocated  to  system  A  is  divided  into  a  plural- 
ity  of  channel  groups  and  these  are  re-used  in  radio 
zones  separated  by  a  prescribed  distance.  Each  base  25 
station  1  has  a  control  channel  for  controlling  the  con- 
nection  of  outgoing  and  incoming  calls,  and  a  traffic 
channel  for  communication.  As  illustrated  in  FIG.6, 
these  channels  contain  base  station  identification  codes 
for  identifying  individual  base  stations  1  .  A  traffic  chan-  30 
nel  also  contains  information  data,  while  a  control  chan- 
nel  also  contains  control  data  including  information 
specific  to  an  individual  base  station,  such  as  transmit- 
ting  power.  The  colour  codes  established  in  Personal 
Digital  Cellular  Telecommunication  System  RCR  Stand-  35 
ard  27  of  the  Research  &  Development  Centre  for  Radio 
Systems  can  for  example  be  used  as  the  base  station 
identification  codes.  All  the  control  channels  and  traffic 
channels  comprise  a  downlink  channel  on  which  the 
base  station  transmits  and  the  mobile  station  receives,  40 
and  an  uplink  channel  on  which  the  mobile  station  trans- 
mits  and  the  base  station  receives. 

The  radio  zone  of  base  station  3  of  system  B  is  set 
up  to  be  smaller  than  the  radio  zones  of  base  stations  1 
of  system  A.  For  simplicity,  in  the  example  shown  in  45 
FIG.5  there  is  one  base  station  3,  and  its  radio  zone  is 
taken  to  be  service  area  4  of  system  B. 

FIG.  7  is  a  block  diagram  showing  an  example  of  a 
configuration  of  base  station  3,  while  FIG.8  is  a  block 
diagram  showing  an  example  of  a  configuration  of  so 
mobile  station  6.  Base  station  3  comprises,  in  addition 
to  transmitter  21  and  receiver  22  for  carrying  out  com- 
munication:  encoder  23  which  encodes  the  channel 
number  signal,  decoder  24  which  decodes  the  level 
information  and  other  signals  that  have  been  transmit-  55 
ted  from  a  mobile  station,  and  controller  25  which  per- 
forms  overall  control.  Mobile  station  6  comprises,  in 
addition  to  receiver  31  and  transmitter  32  for  carrying 
out  communication:  decoder  34  for  decoding  the  chan- 

nel  number  signal  that  has  been  transmitted  from  base 
station  3,  said  channel  number  signal  indicating  the 
number  of  the  channel  which  has  to  be  measured; 
received  level  detector  35  for  monitoring  the  channels  of 
system  A;  decoder  36  for  decoding  the  signals  con- 
tained  in  these  channels,  e.g.  colour  codes  and  so  forth; 
switch  33  which  switches  the  output  of  receiver  31 
between  decoder  34  on  the  one  hand  and  received  level 
detector  35  and  decoder  36  on  the  other;  encoder  37 
which  encodes  colour  codes  and  other  signals  and  out- 
puts  them  to  transmitter  32;  and  controller  38  which  per- 
forms  overall  control. 

FIG.9  serves  to  explain  the  specific  actions 
involved.  These  actions  will  now  be  explained  with  refer- 
ence  to  FIGS.  6-8. 

(1)  First  of  all,  base  station  3  of  system  B  selects  a 
mobile  station  6  located  within  service  area  4  of 
system  B. 
(2)  Base  station  3  sends  a  reception  level  measure- 
ment  request  to  the  selected  mobile  station  6  by 
way  of  a  downlink  control  channel  or  traffic  channel. 
This  reception  level  measurement  request  specifies 
the  number  of  the  channel  (frequency)  to  be  meas- 
ured. 
(3)  When  mobile  station  6  has  received  the  instruc- 
tion  to  measure  the  received  level,  an  instruction 
from  controller  38  serves  to  tune  the  frequency 
which  receiver  31  can  receive  to  that  of  the  speci- 
fied  channel  number.  Mobile  station  6  then  meas- 
ures  the  received  level  from  a  base  station  1  of 
system  A  by  means  of  received  level  detector  35 
and  stores  this  in  a  memory  inside  controller  38 
along  with  the  channel  number.  At  the  same  time,  it 
employs  decoder  36  to  decode  the  colour  code  and 
other  signals  contained  in  the  measured  channel 
and  stores  these  in  the  memory  inside  controller 
38. 
(4)  Controller  38  transmits  the  channel  number, 
received  level,  colour  code  and  so  forth  to  base  sta- 
tion  3  via  encoder  37  and  transmitter  32,  either 
autonomously  or  in  accordance  with  a  transmission 
instruction  from  base  station  3. 
(5)  Base  station  3  decodes  the  contents  of  the 
transmission  from  mobile  station  6  and  records  the 
result  in  a  memory  in  controller  25  along  with  the 
channel  number. 
(6)  Controller  25  also  takes  into  account  differences 
in  transmitted  power,  differences  in  feeder  loss,  etc. 
between  the  uplink  and  the  downlink,  and  esti- 
mates,  from  the  downlink  received  level  of  each 
measured  channel,  the  level  of  uplink  interference 
from  mobile  station  6  of  system  B  on  base  station  1 
of  system  A,  and  selects  the  channels  that  can  be 
used. 

The  broken  line  in  FIG.  9  shows  the  case  where  the 
measurement  results  are  transferred  on  the  basis  of  a 
request  from  base  station  3. 

5 
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The  channel  used  to  transfer  signals  between  base 
station  3  and  mobile  station  6  differs  according  to 
whether  mobile  station  6  is  on  standby  or  is  busy.  The 
explanation  given  here  is  based  on  the  signal  transfer 
method  stipulated  in  Personal  Digital  Cellular  Telecom- 
munication  System  RCR  Standard  27  of  the  Research 
&  Development  Centre  for  Radio  Systems.  When 
mobile  station  6  is  on  standby,  a  signaling  control  chan- 
nel  (SCCH)  is  used  to  transmit  the  reception  level  meas- 
urement  request  and  to  send  back  channel  numbers, 
received  levels,  colour  codes  and  so  forth.  Normally,  a 
mobile  station  on  standby  receives  the  paging  channel 
(PCH)  intermittently,  while  the  signaling  control  channel 
is  received  only  at  restricted  times  such  as  during  loca- 
tion  registration.  For  this  reason,  transmission  of  a 
reception  level  measurement  request  from  base  station 
3  has  to  be  carried  out  when  mobile  station  6  is  receiv- 
ing  the  signaling  control  channel.  Assuming  for  example 
that  mobile  station  6  registers  its  location  at  fixed  time 
intervals,  it  is  then  desirable  to  transmit  the  reception 
level  measurement  request  from  the  base  station  during 
location  registration,  when  the  mobile  station  is  capable 
of  receiving  SCCH.  When  mobile  station  6  is  busy,  a  fast 
associated  control  channel  (FACCH)  is  used  to  transmit 
the  reception  level  measurement  request  and  to  send 
back  channel  numbers,  received  levels,  colour  codes 
and  so  forth. 

FIG.  10  serves  to  explain  measurements  at  a 
mobile  station  in  a  TDMA  system,  and  shows  a  3-chan- 
nel  TDMA  signal  format.  In  TDMA,  slots  that  are  not 
used  by  a  mobile  station  are  present  whether  the  mobile 
is  busy  or  on  standby.  If  this  time  is  utilized  to  measure 
the  field  strength  of  a  specified  channel,  the  communi- 
cation  of  the  selected  mobile  station  will  not  be 
impeded. 

FIG.  11  and  FIG.  12  serve  to  explain  measure- 
ments  in  an  FDMA  system.  In  FDMA,  receiving  gener- 
ally  goes  on  constantly  while  a  mobile  station  is 
communicating,  and  therefore  if  measurements  of  the 
field  strength  of  a  specified  channel  are  carried  out 
while  the  mobile  station  is  communicating,  the  commu- 
nication  will  be  impeded  during  these  measurements. 
Therefore  in  the  case  of  FDMA,  as  shown  in  FIG.  1  1  , 
the  base  station  of  system  B  selects  a  mobile  station 
which  is  on  standby  and  is  not  communicating,  and 
causes  this  mobile  station  to  perform  measurements. 
Alternatively,  as  shown  in  FIG.  12,  the  mobile  station 
stores  the  specified  channel  number  and  measures  the 
received  level  of  the  channel  corresponding  to  the  spec- 
ified  channel  number  when  the  mobile  station  is  on 
standby  and  is  not  communicating.  The  broken  line  in 
FIG.  12  shows  the  case  where  the  measurement  results 
are  transferred  on  the  basis  of  a  request  from  the  base 
station. 

The  foregoing  explanation  relates  to  an  example  in 
which  field  strength  measurement  at  the  mobile  station 
is  accompanied  by  decoding  the  colour  code  and  other 
signals  at  the  mobile  station.  However,  in  order  to  sim- 
plify  the  device  configuration  and  the  measurements,  it 

is  also  feasible  to  measure  just  the  field  strength. 
Thus,  because  field  strength  is  measured  by  the 

mobile  stations,  fixed  field  monitors  are  not  required  at 
all.  Moreover,  because  the  mobile  stations  move  around 

5  within  the  service  area  of  system  B,  information  relating 
to  the  interference  level  of  system  A  can  be  obtained 
throughout  substantially  the  whole  of  the  area,  with  the 
result  that  the  effect  obtained  is  the  same  as  when  a 
large  number  of  field  monitors  are  deployed  so  as  to 

10  ensure  complete  coverage  of  the  area. 
Because  the  embodiment  explained  above  uses 

mobile  stations  located  within  the  service  area  as  field 
monitors,  it  is  not  necessary  to  set  up  any  fixed  field 
monitors  at  all,  and  the  embodiment  is  therefore  eco- 

15  nomically  advantageous.  Further,  because  the  mobile 
stations  can  move  over  the  whole  length  and  breadth  of 
the  area,  the  same  level  of  measurement  accuracy  can 
be  obtained  as  when  fixed  field  monitors  are  set  up 
throughout  the  area,  and  accurate  selection  of  channels 

20  that  do  not  result  in  interference  can  be  achieved. 
In  the  foregoing  explanation  it  was  assumed  that 

the  level  of  uplink  interference  from  a  mobile  station  of 
system  B  to  a  base  station  of  system  A  can  be  esti- 
mated  from  the  measured  value  of  the  level  of  downlink 

25  interference  from  the  base  station  of  system  A  to  that 
mobile  station.  However,  when  the  frequency  band  used 
for  uplinks  (i.e.,  when  the  mobile  station  transmits  and 
the  base  station  receives)  is  different  from  the  frequency 
band  used  for  downlinks  (i.e.,  when  the  base  station 

30  transmits  and  the  mobile  station  receives),  as  shown  in 
FIG.  13,  the  influence  of  selective  fading  means  that 
simply  estimating  the  uplink  interference  level  from  the 
downlink  interference  level  will  not  always  produce  an 
accurate  result.  An  example  of  this  sort  will  now  be 

35  explained. 
In  mobile  communication,  radio  waves  reflected  by 

various  buildings  arrive  at  the  receiving  point  with  differ- 
ent  delays.  Consequently,  as  shown  in  FIG.2(d),  if  radio 
waves  transmitted  from  a  base  station  of  system  A  are 

40  received  by  a  mobile  station  of  system  B,  the  received 
level  will  vary  from  one  channel  (frequency)  to  another. 
An  example  of  this  is  shown  in  FIG.  14.  This  is  generally 
called  "selective  fading",  and  the  fluctuations  vary 
according  to  the  delay  difference  of  the  radio  waves 

45  reaching  the  receiving  point.  The  amplitude  of  the  fluc- 
tuation  may  be  as  high  as  several  tens  of  dB,  which  is 
very  large.  For  this  reason,  in  a  system  of  the  sort 
shown  in  FIG.  13,  where  the  frequency  band  used  by 
the  uplink  (mobile  station  transmitting,  base  station 

so  receiving)  differs  from  that  used  by  the  downlink  (base 
station  transmitting,  mobile  station  receiving),  it  is  very 
difficult  to  make  an  accurate  estimation  of  the  received 
level  of  an  uplink  by  measuring  the  received  level  of  the 
corresponding  downlink. 

55  For  example,  when  the  uplink  interference  level  (a) 
in  FIG.2  is  estimated  using  the  downlink  interference 
level  shown  by  (d),  a  large  estimation  error  may  some- 
times  occur,  and  this  will  result  in  significant  interference 
at  a  base  station  of  system  A.  It  is  therefore  necessary 

6 
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to  anticipate  the  size  of  this  error  in  advance  and  on  this 
basis  to  correct  the  estimated  value.  For  example,  when 
an  interfering  signal  from  one  and  the  same  base  sta- 
tion  affects  different  channels  (frequencies),  the  down- 
link  interference  level  will  sometimes  be  small  and  the  5 
uplink  interference  level  large,  and  conversely  the  down- 
link  interference  level  will  sometimes  be  large  and  the 
uplink  interference  level  small.  For  this  reason,  when 
estimating  the  uplink  interference  level  from  the  down- 
link  interference  level,  it  is  necessary  to  take  such  flue-  w 
tuations  fully  into  account  if  an  attempt  is  to  be  made  to 
make  the  interference  affecting  the  base  stations  of  sys- 
tem  A  as  small  as  possible  for  all  channels.  For  exam- 
ple,  assuming  that  pattern  1  shown  in  FIG.  15  occurs, 
i.e.,  the  downlink  interference  level  is  large  and  the  15 
uplink  interference  level  is  small,  then  a  large  difference 
can  be  anticipated  between  the  uplink  and  the  downlink. 
However,  if  too  large  a  difference  is  anticipated,  then 
there  will  be  cases  where  the  estimated  value  is  much 
larger  than  the  actual  uplink  interference  level,  as  in  the  20 
case  of  pattern  2  in  FIG.15,  i.e.,  where  the  downlink 
interference  level  is  small  and  the  uplink  interference 
level  is  large.  In  such  cases,  although  the  channel  in 
question  could  in  fact  be  used,  it  will  be  decided  that  it 
cannot  be  used.  25 

In  other  words,  if  it  is  supposed  that  the  received 
level  fluctuation  width  of  a  downlink  channel  is  20  dB, 
then  a  maximally  stringent  assessment  would  require 
the  uplink  margin  equally  to  be  20  dB,  so  that  the  level 
of  the  uplink  interference  acting  on  a  base  station  of  30 
system  A  will  be  the  value  obtained  by  adding  20  dB 
indiscriminately  to  the  received  level  of  each  channel 
measured  at  the  mobile  station  of  system  B.  This  means 
that  the  decision  regarding  whether  or  not  a  channel 
can  be  used  is  being  made  by  comparing  the  estimated  35 
uplink  interference  level,  obtained  by  adding  the  uplink 
margin  indiscriminately  to  the  measured  downlink  inter- 
ference  level,  with  the  level  threshold.  Therefore, 
because  for  some  channels  the  uplink  margin  may  be 
excessive,  it  will  sometimes  be  decided  that  a  channel  40 
cannot  be  used  even  though  in  fact  it  could  be  used  as 
a  non-interfering  channel.  The  end  result  is  a  decrease 
in  the  number  of  channels  that  can  be  used  by  system 
B. 

Accordingly,  instead  of  deciding  whether  or  not  a  45 
channel  can  be  used  by  estimating  the  uplink  interfer- 
ence  level  for  that  individual  channel,  the  uplink  interfer- 
ence  level  should  be  estimated  collectively  for  each 
base  station  and  the  decision  as  to  whether  or  not  a 
channel  can  be  used  should  be  made  in  units  of  base  so 
stations.  Namely,  in  a  mobile  communication  system 
where  the  received  level  is  subject  to  selective  fading, 
when  the  downlink  interference  level  from  a  base  station 
of  an  existing  system  is  measured  and  the  level  of  the 
uplink  interference  affecting  this  base  station  of  the  55 
existing  system  is  estimated  from  this  measured  value, 
the  radio  channels  used  by  the  same  base  station  are 
specified,  a  representative  value,  e.g.,  a  mean  value,  is 
obtained  for  the  downlink  interference  level  received  on 

these  channels,  an  uplink  margin  is  added  to  this  value, 
and  the  uplink  interference  level  is  estimated  collectively 
for  each  base  station  as  a  basic  unit.  An  embodiment  of 
this  kind  will  now  be  explained. 

FIG.  16  shows  the  configuration  of  a  mobile  com- 
munication  system  according  to  a  second  embodiment 
of  this  invention. 

A  mobile  communication  system  according  to  this 
embodiment  has,  within  service  area  2  of  an  existing 
cellular  system  such  as  a  mobile  phone  or  portable 
phone  system,  base  station  3  which  is  set  up  independ- 
ently  of  this  cellular  system.  This  base  station  3  is  capa- 
ble  of  selecting,  from  the  same  frequency  band  that  is 
allocated  to  the  cellular  system,  channels  that  do  not 
give  rise  to  mutual  interference  problems,  and  it  can 
allocate  the  selected  channels  to  mobile  station  6 
located  within  the  radio  zone  of  base  station  3.  Here,  as 
in  the  first  embodiment,  the  cellular  system  that  pro- 
vides  service  area  2  will  be  called  "system  A"  and  the 
mobile  communication  system  to  which  base  station  3 
belongs  will  be  called  "system  B". 

A  plurality  of  base  stations  1-1  1-n  belonging  to 
system  A  (in  FIG.  16  these  are  labelled  "base  station  of 
system  A")  are  provided  in  service  area  2,  which  com- 
prises  a  plurality  of  radio  zones  centering  on  each  of 
these.  The  radio  band  allocated  to  system  A  is  divided 
into  a  plurality  of  channel  groups,  and  these  are  re-used 
in  radio  zones  (base  stations  1-1  1-n)  separated  by  a 
prescribed  distance.  Each  base  station  1-1  1-n  has 
a  control  channel  for  controlling  the  connection  of  out- 
going  and  incoming  calls,  and  a  traffic  channel  for  com- 
munication.  Base  station  identification  codes  of  the  sort 
shown  in  FIG.6  are  inserted  in  these  channels. 

The  radio  zone  of  base  station  3  is  set  up  to  be 
smaller  than  the  radio  zones  of  base  stations  1-1  1-n 
of  system  A.  For  simplicity,  in  the  example  shown  in  FIG. 
16,  there  is  one  base  station  3  of  system  B,  and  the 
radio  zone  of  this  single  base  station  3  is  taken  to  be 
service  area  4  of  system  B.  Within  the  radio  zone  of 
base  station  3  there  is  provided  field  monitor  7  which 
monitors  the  radio  waves  transmitted  from  base  stations 
1-1  1-n  of  system  A.  This  field  monitor  7  decodes 
the  radio  signals  received  from  system  A  and  thereby 
identifies  the  base  stations  1-1,  ..,  1-n  which  have  trans- 
mitted  these  radio  signals.  It  then  specifies  the  plurality 
of  channels  being  used  by  a  given  base  station  and 
obtains  the  mean  value  of  the  interference  level 
received  on  these  channels.  Then,  on  the  basis  of  this 
mean  value  obtained  by  field  monitor  7,  base  station  3 
decides,  in  channel  group  units,  whether  or  not  a  chan- 
nel  can  be  selected  and  used. 

As  in  the  first  embodiment,  field  monitor  7  is  prefer- 
ably  implemented  as  a  function  of  the  mobile  stations, 
but  it  can  also  be  implemented  as  a  separate  device 
from  the  mobile  stations.  Here,  it  will  be  explained  as  a 
separate  device  from  the  mobile  stations.  When  field 
monitor  7  is  implemented  as  a  separate  device  from  the 
mobile  stations,  it  may  be  deployed  at  a  separate  loca- 
tion  from  base  station  3,  or  it  may  be  set  up  at  the  same 
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location  as  base  station  3. 
Here,  the  base  station  identification  codes  of  base 

stations  1-1  1-n  will  be  written  as  C1  -Cn.  To  simplify 
the  explanation,  the  number  of  channels  respectively 
allocated  to  base  stations  1-1  1-n  will  be  assumed  to  s 
be  the  same  number  m  in  each  case.  The  frequencies 
of  these  channels  will  be  written  as  f1,i  ...  fn,i  and  their 
received  levels  as  E1,i  ...  En,i,  where  i  corresponds  to 
the  channel  number  and  i  =  1  m.  The  total  number 
of  channels  allocated  to  system  A  will  be  written  as  N  10 
and  their  channel  numbers  will  be  written  as  j  (=1  ,  2 
N). 

FIG.  1  7  and  FIG.  1  8  show  examples  of  two  configu- 
rations  for  base  station  3  and  field  monitor  7.  In  the  con- 
figuration  shown  in  FIG.  17,  base  station  3  and  field  is 
monitor  7  are  installed  in  a  common  facility,  while  in  the 
configuration  shown  in  FIG.  18  they  are  set  up  sepa- 
rately.  In  both  cases,  antenna  31,  transceiver  32  and 
base  station  controller  33  are  provided  as  base  station 
3;  and  antenna  71,  field  monitoring  receiver  72,  20 
received  level  detector  73,  decoder  74  and  controller  75 
are  provided  as  field  monitor  7.  Transceiver  32  serves 
for  communication  with  mobile  stations  of  system  B,  and 
is  controlled  by  base  station  controller  33.  Field  monitor- 
ing  receiver  72  receives  downlinks  from  base  stations  of  25 
system  A,  and  received  level  detector  73  measures  their 
received  level.  Decoder  74  decodes  the  base  station 
identification  code  from  the  received  signal  from  field 
monitoring  receiver  72.  In  the  example  given  in  FIG.1  7, 
antenna  31  of  transceiver  32  and  antenna  71  of  field  30 
monitoring  receiver  72  are  provided  separately,  but  it  is 
also  possible  for  these  to  be  shared. 

FIG.  19  is  a  flowchart  of  the  control  of  field  monitor- 
ing  receiver  72  by  controller  75.  This  control  involves  the 
following:  35 

B6A1  14 

It  then  estimates  the  level  of  uplink  interference  at 
that  base  station  of  system  A  by  adding  the  differ- 
ence  between  the  uplink  and  downlink  effective 
radiated  power  and  feeder  loss,  plus  a  predeter- 
mined  uplink  margin,  to  the  calculated  mean  value 
Eav  of  the  received  level.  It  then  compares  this 
value  with  a  predetermined  threshold,  and  if  it  does 
not  exceed  the  threshold,  decides  that  no  interfer- 
ence  is  applied  to  that  base  station  of  system  A. 
Controller  75  then  collectively  decides  that  all  the 
channels  fk,i  (i  =  1  ,  2  m)  used  by  this  base  sta- 
tion  of  system  A  can  be  used,  and  records  this  deci- 
sion  in  a  channel  use  decision  table.  An  example  of 
this  channel  use  decision  table  is  given  in  FIG.21  . 

Given  a  channel  use  decision  table  obtained  in  this 
way,  base  station  controller  33  uses  the  required 
number  of  channels  from  this  table  and  allocates  them 
to  transceiver  32,  the  order  in  which  they  are  used  start- 
ing  from  the  lowest  estimated  uplink  interference  level.  If 
two  levels  are  the  same,  the  channel  with  the  smaller 
channel  number  can  for  example  be  used  first. 

The  foregoing  operations  are  performed  at  regular 
intervals,  and  the  channel  use  decision  table  is  updated. 

The  example  given  in  the  foregoing  explanation 
used  the  mean  value  as  the  representative  value  of  the 
received  level  from  a  base  station.  However,  a  statistical 
value  such  as  the  50%  median  may  alternatively  be 
used. 

In  the  foregoing  control  flow,  it  was  assumed  that 
the  base  station  identification  code  can  invariably  be 
decoded.  However,  grouping  cannot  be  performed  in 
the  case  of  channels  for  which,  for  one  reason  or 
another,  the  base  station  identification  code  cannot  be 
decoded,  for  example,  in  the  case  of  channels  that  are 
not  in  use.  Such  channels  should  be  dealt  with  as  indi- 
vidual  base  stations  with  a  single  channel. 

Thus,  because  the  uplink  interference  level  for 
channels  used  by  a  given  base  station  is  estimated  col- 
lectively  by  obtaining  a  representative  value  for  the 
downlink  interference  level,  it  is  possible  to  reduce  the 
uplink  margin  that  is  added  when  estimating  the  uplink 
interference,  and  to  increase  the  number  of  radio  chan- 
nels  that  can  be  used  in  the  base  stations  of  system  B. 

Because  synchronization  has  to  be  established, 
etc.,  demodulating  a  signal  generally  takes  longer  than 
simply  measuring  the  received  level.  For  this  reason, 
when  the  radio  channel  that  can  be  used  has  to  be 
decided  rapidly,  e.g.,  at  system  startup  for  the  base  sta- 
tion  of  system  B,  or  when  the  field  monitor  has  been 
reset,  the  monitoring  function  will  have  to  have  a  rapid 
measurement  time.  An  example  of  such  a  configuration 
will  now  be  explained. 

FIG.22  shows  an  example  of  the  configuration  of 
base  station  3  and  field  monitor  7.  Although  it  is  desira- 
ble  for  field  monitor  7  to  be  implemented  as  a  function  of 
the  mobile  stations,  in  the  configuration  shown  here  it  is 
a  separate  device  from  the  mobile  stations  and  is 
installed  in  a  common  facility  with  base  station  3.  As  in 

(1)  First  of  all,  controller  75  causes  field  monitoring 
receiver  72  to  be  tuned  to  a  frequency  j.  The 
received  level  is  then  measured  and  the  base  sta- 
tion  identification  code  decoded.  These  operations  40 
are  performed  for  all  channels  Q  =  1  ,  2  N).  Each 
channel  number  is  grouped  together  with  a  base 
station  identification  code  and  a  received  level 
(downlink  level),  and  these  sets  of  values  are 
recorded  in  the  memory  of  controller  75.  45 
(2)  When  the  decoding  of  the  base  station  identifi- 
cation  codes  is  completed  for  all  channels,  control- 
ler  75  sorts  the  contents  recorded  in  the  memory  by 
base  station  identification  code,  thereby  grouping 
channels  in  accordance  with  the  base  station  that  so 
uses  them.  This  state  of  affairs  is  shown  in  FIG.20. 
(3)  Next,  on  the  basis  of  the  results  of  this  grouping, 
controller  75  obtains  the  mean  received  level  of 
channels  fk,i  of  a  given  base  station  1-k  and  calcu- 
lates  the  mean  value  Eav  of  the  received  level  from  ss 
that  base  station  of  system  A,  given  by: 

Eav  =  (Z  fk,i)/m. 
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the  configuration  given  in  FIG.  1  7  and  FIG.  1  8,  base  sta- 
tion  3  has  antenna  31,  transceiver  32  and  base  station 
controller  33;  while  field  monitor  7  has  antenna  71  ,  field 
monitoring  receiver  72,  received  level  detector  73, 
decoder  74  and  controller  75.  Field  monitor  7  also  has 
switch  76  which  can  switch  between  a  state  in  which  the 
output  of  field  monitoring  receiver  72  is  supplied  to 
received  level  detector  73  only,  and  a  state  in  which  it  is 
supplied  to  both  received  level  detector  73  and  decoder 
74. 

Controller  75  has  a  function  which  detects  the 
received  level  only  and  decides  whether  or  not  a  chan- 
nel  can  be  selected  and  used  (hereinafter,  this  will  be 
called  the  "a  decision"),  and  a  function  which  decides 
whether  or  not  a  channel  can  be  selected  and  used  on 
the  basis  of  the  received  level  and  the  decoded  base 
station  identification  code  (hereinafter,  this  will  be  called 
the  "p  decision").  For  an  a  decision,  switch  76  is 
switched  so  that  the  output  of  field  monitoring  receiver 
72  is  supplied  to  received  level  detector  73;  while  for  a  p 
decision,  switch  76  is  switched  so  that  the  output  of  field 
monitoring  receiver  72  is  supplied  to  received  level 
detector  73  and  decoder  74.  Because  a  p  decision  is 
made  after  the  signal  is  decoded,  it  takes  longer  to 
make  than  an  a  decision,  which  only  involves  measure- 
ment  of  the  received  level. 

The  configuration  given  in  the  present  example 
employs  a  common  field  monitoring  receiver  72, 
received  level  detector  73  and  controller  75  in  its  imple- 
mentation  of  the  two  monitoring  functions,  i.e.,  the  a 
decision  and  the  p  decision.  However,  it  is  also  feasible 
to  provide  these  separately.  Moreover,  instead  of 
switching  the  output  of  field  monitoring  receiver  72  by 
means  of  switch  76,  it  is  also  feasible  to  switch  the  out- 
puts  of  received  level  detector  73  and  decoder  74  by 
software. 

FIG.23  shows  the  control  flow  for  the  a  decision. 
The  control  flow  for  the  p  decision  is  exactly  the  same  as 
that  given  in  FIG.  19,  and  therefore  the  following  expla- 
nation  concerns  the  control  flow  for  the  a  decision.  In 
the  a  decision: 

(1)  First  of  all,  controller  75  causes  field  monitoring 
receiver  72  to  be  tuned  to  a  frequency  j,  and  the 
received  level  is  measured.  These  operations  are 
performed  for  all  channels  (j  =  1,  2  N).  The 
channel  numbers  and  received  levels  are  grouped 
together  and  recorded  in  memory  in  controller  75. 
(2)  Next,  the  level  of  uplink  interference  at  a  base 
station  of  system  A  is  estimated  by  adding  the  dif- 
ference  between  the  uplink  and  downlink  effective 
radiated  power  plus  a  predetermined  uplink  margin 
(this  differs  from  the  uplink  margin  in  the  p  decision) 
to  the  measured  received  level.  This  value  is  then 
compared  with  a  predetermined  level  threshold, 
and  if  it  does  not  exceed  this  threshold,  it  is  decided 
that  no  interference  is  applied  to  that  base  station  of 
system  A.  This  decision  is  then  recorded  in  a  chan- 
nel  use  decision  table.  An  example  of  this  table  is 

given  in  FIG.24. 

FIG.25  is  a  flowchart  showing  the  overall  control 
actions  of  controller  75.  When  the  field  monitor  starts  to 

5  operate,  or  when  it  has  been  reset,  controller  75  actu- 
ates  the  fast  measurement  time  monitoring  function, 
i.e.,  the  a  decision  function.  However,  once  a  decision 
regarding  whether  or  not  to  use  a  channel  has  been 
completed,  controller  75  actuates  the  monitoring  func- 

w  tion  which,  although  it  takes  longer  to  make  a  measure- 
ment,  can  select  more  channels  that  can  be  used,  i.e., 
the  p  decision  function. 

With  a  configuration  of  this  sort,  at  system  startup 
of  the  base  station  of  system  B  (when  the  field  monitor 

is  begins  to  operate)  or  when  the  field  monitor  has  been 
reset,  it  is  possible  to  select  channels  that  can  be  used 
by  means  of  a  monitoring  function  (the  a  decision)  with 
which,  although  the  number  of  channels  that  can  be 
used  is  small,  measurement  time  is  fast.  Then,  when  a 

20  fixed  time  has  elapsed,  more  channels  that  can  be  used 
can  be  selected  by  means  of  a  monitoring  function  (the 
P  decision)  with  which,  although  measurement  time  is 
slower,  more  channels  that  can  be  used  can  be 
selected. 

25  FIG.26  shows  another  example  of  the  overall  con- 
trol  actions  of  controller  75.  Here,  the  fast  measurement 
time  monitoring  function  (the  a  decision)  is  made  to 
operate  in  any  of  the  following  situations:  when  the 
operation  of  the  field  monitor  begins;  when  the  field 

30  monitor  is  reset;  when  the  base  station  identification 
code  of  the  demodulated  channel  has  changed  relative 
to  the  base  station  identification  code  that  was  moni- 
tored  the  previous  time;  and  when  the  difference 
between  the  newly  measured  received  level  and  the 

35  previously  measured  received  level  of  the  same  channel 
exceeds  a  predetermined  threshold. 

In  virtue  of  this  arrangement,  even  in  a  transient 
state,  for  example,  when  the  channel  of  a  base  station 
of  system  A  has  suddenly  been  changed,  a  channel  that 

40  can  be  used  can  be  selected  by  the  fast  measurement 
time  a  decision,  and  so  it  will  be  possible  to  select  rap- 
idly  a  channel  that  does  not  interfere  with  that  base  sta- 
tion  of  system  A.  Moreover,  in  a  stable  state  in  which 
there  is  no  change  in  the  frequency  of  the  channels  of 

45  the  base  stations  of  system  A,  the  p  decision  function  is 
operative,  i.e.,  although  the  measurement  time  is 
slower,  more  channels  that  can  be  used  can  be 
selected,  and  therefore  more  channels  will  be  able  to  be 
used. 

so  As  has  been  explained  above,  the  effect  of  this  sec- 
ond  embodiment  of  the  invention  is  that  when  the  uplink 
interference  level  is  estimated  from  the  downlink  inter- 
ference  level  when  the  received  level  fluctuations  are 
characteristic  of  a  selective  fading  environment,  the 

55  uplink  margin  that  is  added  can  be  restricted  to  a  neces- 
sary  minimum,  and  therefore  the  number  of  radio  chan- 
nels  that  can  be  used  can  be  increased. 
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Claims 

A  mobile  communication  system  in  which: 

there  is  a  first  group  of  base  stations  belonging  s 
to  a  first  mobile  communication  system; 
the  service  area  of  the  aforementioned  first 
mobile  communication  system  consists  of  a 
plurality  of  radio  zones,  each  centered  on  a 
base  station  of  this  first  group;  10 
a  second  group  of  base  stations  belonging  to  a 
second  mobile  communication  system  inde- 
pendent  of  the  aforementioned  first  mobile 
communication  system  is  provided  in  the  serv- 
ice  area  of  this  first  mobile  communication  sys-  is 
tern; 
each  of  the  base  stations  of  this  second  group 
includes:  a  means  which  selects  control  chan- 
nels  and  traffic  channels  from  among  channels 
in  which  the  level  of  mutual  interference  involv-  20 
ing  base  stations  of  the  aforementioned  first 
group  and  the  other  base  stations  of  the  sec- 
ond  group  is  within  a  predetermined  value;  and 
a  means  which  allocates  the  selected  channels 
to  mobile  stations  belonging  to  the  aforemen-  25 
tioned  second  mobile  communication  system 
and  which  are  located  within  that  base  station's 
area; 
comprising  a  mobile  communication  system 
wherein:  30  3. 
the  aforementioned  selecting  means  includes  a 
means  which  assigns  channels  to  mobile  sta- 
tions  belonging  to  the  aforementioned  second 
mobile  communication  system  and  commands 
field  strength  measurements;  and  a  means  35 
which  receives  from  these  mobile  stations 
information  relating  to  the  results  of  the  field 
strength  measurements  of  the  assigned  chan- 
nels;  and 
a  mobile  station  belonging  to  the  aforemen-  40 
tioned  second  mobile  communication  system  is 
provided  with:  a  means  which  tunes  the 
received  frequency  to  the  channel  assigned  by 
the  aforementioned  command  means  and 
measures  its  field  strength;  and  a  means  which  45 
reports  the  measured  results  to  the  aforemen- 
tioned  receiving  means. 

stations  includes  a  transmitting  means  which 
gives  each  channel  a  base  station  identification 
code  for  identifying  that  base  station; 
a  mobile  station  belonging  to  the  aforemen- 
tioned  second  mobile  communication  system 
includes:  a  means  which  demodulates  radio 
signals  from  the  aforementioned  first  group  of 
base  stations  and  identifies  their  base  station 
identification  codes;  and  a  means  which  trans- 
mits,  by  means  of  the  aforementioned  reporting 
means,  the  identified  base  station  identification 
codes,  along  with  the  results  measured  by  the 
aforementioned  means  which  measures  the 
field  strength,  to  the  aforementioned  receiving 
means;  and 
the  aforementioned  selecting  means  includes: 
a  means  which,  on  the  basis  of  the  base  station 
identification  codes  received  by  the  aforemen- 
tioned  receiving  means,  groups  these  radio 
signal  channels  according  to  the  base  stations 
which  use  them,  and  which  for  each  group  per- 
forms  operations  on  the  field  strengths  meas- 
ured  in  channels  belonging  to  that  group,  and 
thereby  obtains  a  single  representative  value; 
and  a  means  which  decides,  in  channel  group 
units,  and  on  the  basis  of  the  representative 
value  obtained  by  this  means,  whether  or  not  a 
channel  can  be  selected  and  used. 

A  mobile  communication  system  as  set  forth  in 
Claim  2,  wherein: 

the  aforementioned  selecting  means  also 
includes: 
a  means  which  decides,  in  channel  units,  and 
from  the  measured  value  of  the  field  strength  of 
each  channel,  whether  or  not  a  channel  can  be 
selected  and  used;  and 
a  means  which  preferentially  actuates  the 
aforementioned  means  which  decides  in  chan- 
nel  units  when  the  aforementioned  identifica- 
tion  means  has  identified  another  base  station 
identification  code,  or  when  the  difference 
between  the  field  strength  newly  measured  for 
a  given  channel  and  the  field  strength  of  that 
channel  measured  the  previous  time  exceeds  a 
predetermined  threshold. 

2.  Mobile  communication  system  as  set  forth  in  Claim 
1,  wherein: 

the  radio  band  that  can  be  used  by  the  afore- 
mentioned  first  mobile  communication  system 
is  divided  into  a  plurality  of  channel  groups 
which  are  allocated  to  the  aforementioned  first 
group  of  base  stations  in  such  manner  that  they 
can  be  re-used  in  mutually  separated  radio 
zones; 
each  of  the  aforementioned  first  group  of  base 

4.  A  mobile  communication  system  in  which: 
50 

there  is  a  first  group  of  base  stations  belonging 
to  a  first  mobile  communication  system; 
the  service  area  of  the  aforementioned  first 
mobile  communication  system  consists  of  a 

55  plurality  of  radio  zones,  each  centered  on  a 
base  station  of  this  first  group; 
the  radio  band  that  can  be  used  by  the  afore- 
mentioned  first  mobile  communication  system 
is  divided  into  a  plurality  of  channel  groups 
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which  are  allocated  to  the  first  group  of  base 
stations  in  such  manner  that  they  can  be  re- 
used  in  mutually  separated  radio  zones; 
each  of  this  first  group  of  base  stations  includes 
a  transmitting  means  which  gives  each  channel  5 
a  base  station  identification  code  for  identifying 
that  base  station; 
a  second  group  of  base  stations  belonging  to  a 
second  mobile  communication  system  inde- 
pendent  of  the  aforementioned  first  mobile  to 
communication  system  is  provided  in  the  serv- 
ice  area  of  the  aforementioned  first  mobile 
communication  system;  and 
each  of  the  base  stations  of  this  second  group 
includes:  a  means  which  selects  control  chan-  ts 
nels  and  traffic  channels  from  among  channels 
in  which  the  level  of  mutual  interference  involv- 
ing  base  stations  of  the  aforementioned  first 
group  and  the  other  base  stations  of  the  sec- 
ond  group  is  within  a  predetermined  value;  and  20 
a  means  which  allocates  the  selected  channels 
to  mobile  stations  belonging  to  the  aforemen- 
tioned  second  mobile  communication  system 
and  which  are  located  within  that  base  station's 
area;  25 
comprising  a  mobile  communication  system 
wherein: 
there  is  a  field  monitoring  means  connected  to 
the  aforementioned  selecting  means;  and 
this  field  monitoring  means  includes:  means  30 
which  demodulates  the  radio  signals  from  the 
aforementioned  first  group  of  base  stations  and 
identifies  their  base  station  identification  codes; 
means  which,  on  the  basis  of  the  identified 
base  station  identification  codes,  groups  these  35 
radio  signal  channels  according  to  the  base 
stations  which  use  them,  and  which  for  each 
group  performs  operations  on  the  field 
strengths  measured  in  channels  belonging  to 
that  group,  and  thereby  obtains  a  single  repre-  to 
sentative  value;  and  means  which  decides,  in 
channel  group  units,  and  on  the  basis  of  the 
representative  value  obtained  by  this  means, 
whether  or  not  a  channel  can  be  selected  and 
used.  45 

5.  Mobile  communication  system  as  set  forth  in  Claim 
4,  wherein: 

and  subsequently  preferentially  actuates  the 
aforementioned  means  which  decides  in  chan- 
nel  group  units. 

6.  Mobile  communication  system  as  set  forth  in  Claim 
5,  wherein  the  aforementioned  actuating  means 
includes  a  means  which  actuates  the  aforemen- 
tioned  means  which  decides  in  channel  units  either 
when  the  aforementioned  identifying  means  has 
identified  a  different  base  station  identification 
code,  or  when  the  difference  between  the  field 
strength  newly  measured  for  a  given  channel  and 
the  field  strength  of  that  channel  measured  the  pre- 
vious  time  exceeds  a  predetermined  threshold. 

the  aforementioned  field  monitoring  means  so 
also  has: 
a  means  which  decides  in  channel  units,  and 
from  the  measured  value  of  the  field  strength  of 
each  channel,  whether  or  not  a  channel  can  be 
selected  and  used;  and  55 
a  means  which,  when  the  aforementioned  field 
monitoring  means  starts  up  or  after  it  has  been 
reset,  preferentially  actuates  the  aforemen- 
tioned  means  which  decides  in  channel  units, 
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